WE HAVE recently conducted a field study evaluating the relative mental health of three small populations.
In spite of the fact that this investigation was not conceived as an epidemiologic study, it became necessary for us to contend with some of the problems which have plagued studies of psychiatric epidemiology in the past. The most pressing of these difficulties relates to the lack of reliability of psychiatric diagnosis and the consequent uncertainty about designating a person in a community as a 'psychiatric case'. This lack of reliability is well known and has been reviwed by BLUM.~ In addition, we were unable to find a generally accepted, validated instrument which could substitute for psychiatric diagnosis in a field study. This placed us in the predicament of having no criterion available which would give us reliable, valid measures of psychiatric illness. This situation has been discussed by CRONBACH and MEEHL~ who suggest that "construct validity must be investigated whenever no criterion or universe of content is accepted as entirely adequate to define the quality to be measured".
Construct validity is a concept applicable when a test is interpreted as a measure of an attribute which cannot be operationally defined. Such a construct should contain statements which lead to predictable relationships with observable phenomena. Since we were not attempting to estimate the incidence of psychiatric diseases, but only to measure the relative mental health of three groups, the use of such concepts seemed reasonable. A series of constructs were developed, the mental health indices, which were regarded as measures of mental illness. These indices were based on concrete questions which had some obvious face validity. In order to relate these constructs to observable measures, the relationship between the indices and visits to physicians and hospitalizations for mental health problems was determined by a correlational analysis. Such visits and hospitalizations could theoretically be validated by independent data. These events also represent phenomena which most observers will agree are probably quite closely related to mental illness. Such correlations give some estimate of the validity of the measures.
The results of this analysis demonstrated that relationships between constructs were often significantly different for the two sexes. Constructs might show a high degree of validity, in terms of relationship to hospitalization, for one sex without showing comparable validity for the other. The presence of two sexes in the population investigated can be regarded as an example of unlike, or heterogeneous, subgroups within a population. This situation occurs 76 MONKAD. BLUMENTHAL often in psychiatric investigation, and it is likely that in much psychiatric research the investigator may be dealing with a heterogeneous population consisting of numerous subgroups.3l4
Since factors producing heterogeneity in psychiatric research are often unknown and consequently difficult to control, it seems reasonable to explore the effects of heterogeneity on a data analysis. When the two sexes are used as an example of heterogeneous subgroups within a population, our results provide some insight into statistical and inferential errors that may occur in data analysis of non-homogeneous populations.
METHOD
The subjects investigated consisted of the parents of three groups of children; sixty-four with phenylketonuria (PKU), sixty-four with non-phenylketonuric mental retardation (NPMR), and sixty-four with cystic fibrosis (CF). A more detailed description of the sample has been reported elsewhere.5 These parents were investigated by means of a standard structured interview schedule, and were interviewed by professional interviewers. The interview was coded by highly explicit coding procedures by a professional coding staff. The interview was repetitive in nature and problems relevant to specific mental health areas could appear in more than one place, so that it was essential to assemble data related to single topics. A series of mental health indices were devised for this purpose. Indices were primarily based on a single line of questioning concerning one potential problem area. Arbitrary units were assigned to positive answers; most often the unit was one, but higher units would be assigned if it seemed warranted. In general, higher units were assigned only to behavior which could be taken as a definite sign of psychiatric disturbance.
For example in the Depression Index (Table 1 ) the respondent would receive one point for feeling that life was not worth living, two for seeking medical help for depressive problems, and three for a suicide attempt. All indices were checked against other questions in the interview where relevant information might appear. For example, the Depression Index was constructed so that information about suicide attempts, depressions, etc. which had been elicited by open-ended questions dealing with nervous breakdown or divorce, could be transferred to add to the score for the Depression Index. The total number of points was a sum of parts. For a given individual, higher scores indicated a larger number of problems, or problems of a more serious nature, while mean scores for a group within the population might indicate either that the same proportion of individuals had reported more serious problems, or that a larger number of individuals had reported similar problems. On the whole, these indices were as concrete and unintuitive as we could make them. Tables l-7 show how the indices were scored, and the main line of questioning in the interview from which they were derived. The indices covered drinking problems (Alcohol Index), suicides and depressions (Depression Index), perceived nervous breakdowns (Nervous Breakdown Index), a symptom check list (Mental Health Score), visits to physicians for mental health problems (Professional Persons Index), and hospitalizations for mental health reasons (Hospitalizations Index). As far as we know questions contributing to the Alcohol Index, Depression Index, Professional Persons Index, and Hospitalizations Index, are unique to this study. The question about nervous breakdowns was originally taken from GURIN, VEROFF and FELD.~ The Mental Health Score (Tables 3 and 4) differed substantially from the other indices in several respects. This index consisted of a set of twenty-two questions which have been repeatedly used in other studies of psychiatric epidemiology.
These questions are heavily loaded towards the somatic, towards depressive symptomatology, and towards symptoms generally associated with anxiety. The questions were originally selected by LANGNER~ for their ability to discriminate between psychiatrically 'ill' and 'well' populations. Items in the Score have less obvious face validity than most of the items of our other indices; nevertheless, this Score is the only one of our indices which has been the subject of a validity study. It has been demonstrated by a field study, that the Score could differentiate between patients in an admitting ward of a mental hospital and persons in community populations. In addition, scores correlated with clinical assessments of patients by ward personne1.s 
RESULTS
A large number of significant correlations appeared between the mental health indices. Some of these had been anticipated since they were more or less built into either the interview schedule or the indices; others were not. The 'built in' nature of some of these correlations can best be demonstrated by the relationship of the Hospitalizations Index to the other indices. It can be seen in Table 7 that scores on the Hospitalizations  Index represent  hospitalizations for mental health problems. However, the respondent was never asked about such a hospitalization unless a positive response was elicited by questions about a specific problem area such as perceived nervous breakdowns, depressions, or drinking problems. It follows that the Hospitalizations Index must be correlated with at least some of the indices derived from these lines of inquiry. An additional factor contributing to the 'built in' nature of these correlations is that most of the indices allow one or two points for seeking medical care or hospitalization for that condition. Inspection of the relationships between the Hospitalizations Index and the other indices (Table 8) shows the Nervous Breakdown Index to be most highly correlated. The next highest correlation is with the Professional Persons Index, followed by unimpressive but These sex-related differences in the correlations of the indices could not have been predicted from differences between mean values. Table 10 shows the mean indices for men and women, the latter scoring higher on all indices except Alcohol and Hospitalizations. Certainly, there is nothing about these values per se which necessitates the observed differences in correlation.
The relationship of the Mental Health Score to the other indices is somewhat different from those previously discussed. Unlike our other indices, the Score is composed of questions which have no obvious relationship to any particular mental health problem. There are no overlapping questions with the other indices, and there was nothing about the mechanics of the interview schedule which required the appearance of any correlations. However, a number of such correlations do exist (Table 8) .
For the whole population, the significant correlations between the Mental Health Score and the other indices are very small. When the same correlations ate calculated for the data derived from women only, we find that none reach significance. But, when the correlations are calculated from data derived from men, the correlations become substantially larger than those which appear for the combined population (Table 11 ). In addition, men show significant correlations between the Mental Health Score and the Alcohol and Hospitalizations Indices, which had not reached minimal significance for the whole population. In every case, the correlations between the Mental Health Score and the other indices are significantly greater for men than for women.
Since the complaints evaluated by the Mental Health Score so frequently appear in association with clinical psychiatric disorders, it seemed unlikely that there was truly no relationship between this Score and the other indices for women. It seemed reasonable that women might also represent a heterogeneous population, composed of those whose complaints were related to mental health problems, and those who perceived themselves as having no mental health problems but who were 'complainers'.
To test this hypothesis, correlations were obtained between indices on only those members of the population who had scored positively Score (Table  12 ).
on at least one mental health index other than the Mental Health Such a reduction in correlation indicates that men form a more homogeneous group.
DISCUSSION
We have presented a set of constructs used as measures of mental illness in a field study.
These constructs had the advantage of specifying relatively clearly what areas were investigated, of lending themselves easily to computer analysis, of being reliably assigned, and of circumventing the necessity of making a psychiatric diagnosis on a person in a community.
A major problem with these constructs is that they do not have the validity of a psychiatric opinion. The fact that the indices correlated with such concrete measures of mental illness as visits to physicians and hospitalizations for mental illness gives these measures a certain validity.
It should be pointed out that this is only an internal validity, that is, since both measures are derived from the same interview, the data indicate only the extent to which the respondents perceived the questions as related to serious mental health problems. They do not give information about how much mental illness was forgotten or deliberately under-reported by the respondents.
Since the original object of the study was to compare the relative mental health of three groups, the lack of external validation can be minimized if it is assumed that the extent of under-reporting was the same in all groups.
Correlations between indices showed a number of interesting characteristics which are related to the differences between men and women in our population.
Correlations between the Mental Health Score and the other indices were highly significant for men and not at all significant for women. Over 65 per cent of the variance of the Mental Health Score can be accounted for in terms of correlations with indices representing concrete questions about mental illness for men, while almost none of the variance of this score for women is associated with other indices. This is not a surprising finding when one considers cultural differences in the roles assigned to men and women. Men are expected to bear their troubles silently while women are allowed to complain. When a woman weeps or has a headache or says she isn't feeling well, she is behaving within a culturally accepted framework, while a man using the same behaviors is not. It seems logical, that when a man makes similar complaints on a symptom check list, such complaints are indicative of more serious problems than those of women.
Our data indicate that the Mental Health Score is a more useful measure of mental illness for men in our population and that it is unreasonable to equate numerical scores for the two sexes. One of the interesting characteristics of these findings is that if only data for the whole population had been available, the meaningful relationship between the Score and other mental health indices for men whould have been overlooked. Not only were the correlations for the whole group very small; the relationship between drinking problems, hospitalizations, and the Score become altogether insignificant.
This can be regarded as an example of a heterogeneous element in the population creating such statistical noise that a relationship which is meaningful for a subgroup disappears or becomes trivial when the relationship is examined in the whole population.
This seems surprising and somewhat painful when one considers that the men in our population are about half the group. Another example of how heterogeneous subgroups can change the apparent interpretation of a relationship can be seen in the relationship between the Nervous Breakdown and Hospitalizations Indices. For the whole population, these indices show a moderate correlation which would lead one to conclude that nervous breakdowns represent serious events to the respondents.
Further analysis shows that the correlation is much higher for men than for women, i.e. there is a much higher likelihood that a man who reports a nervous breakdown will be hospitalized for an emotional problem than a woman. It follows that a man in our population must view a nervous breakdown as a more serious problem than a woman, or that he finds himself less able to cope with the problem without disrupting his ordinary routine, or that he reports it only when the problem has reached more serious dimensions.
If a positive response to the nervous breakdown question does not mean the same thing to men as to women, then it follows that it is not possible to compare mental health in these two groups simply by measuring the relative number of positive responses. It is also true, that since we have used correlation with hospitalization as a measure of validity that the Nervous Breakdown Index has a different validity for the two sexes. It follows that the original interpretation of the correlation for the whole population must be modified to include two non-equivalent relationships which cannot reasonably be explained by the same statement.
Sex is an obvious source of heterogeneity and has been discussed by many workers.
WITTENBORN and SMITH~~J~ find that symptom patterns manifested by female chronic mental patients differ from those of males. LEIGHTON et al .,I3 find a larger number of symptom patterns among women than men in a study of psychiatric disorder in a Canadian community, while GURIN, VEROFF, and FELD~ show many sex-related differences in their mental health study of a nationwide sample. There are many sources of heterogeneity in psychiatric studies, some of which are unknown. It seems reasonable to suppose that any source of heterogeneity would produce effects similar to those produced by sex in these data, i.e. the diminution or loss of meaningful relationships on the one hand, and errors in interpretation on the other. The finding that one segment of a population can actually create enough statistical noise to obscure a relationship which is meaningful for another large segment would appear to present a very serious problem in data analysis, especially in cases where the source of the heterogeneity is unidentified.
SUMMARY
We have presented a series of constructs which were developed to measure the relative mental health of the members of three small populations.
These constructs were highly concrete, and each of the 331 respondents investigated could be assigned a numerical rating without the use of clinical judgements of trained personnel. These constructs proved to be intercorrelated to a large degree. It was demonstrated that the size of the correlation between constructs was not always an accurate reflection of relationships within the population, so that certain relationships which were highly significant for men proved to be insignificant for women, and vice versa. The heterogeneous nature of the population could be shown to lead to two kinds of errors when data was looked at only for the population as a whole. (1) Loss or diminution of relationships which were true for one group but not the other; (2) errors in the interpretation of the significance of a relationship. It was pointed out that these errors probably represent general difficulties in the analysis of data from psychiatric studies.
